Eigenvalue Calibration method
The actual experimental polarization state generator and analyzer matrices are determined using measurements on a set of ideal calibrating samples (pure diattenuators (polarizers) and retarders (waveplates)), as follows. Sixteen (4×4) set of spectral measurements are performed separately with the calibrating sample (s) in place ( and without any sample (blank) ( . These are related as
Here, is the unknown Mueller matrix of the calibrating sample. Two set of matrices and are then constructed such that the former is independent of and the latter is independent
Using equation (2) 
Where  and  are the conventional ellipsometric parameters for the diattenuating retarder with  being its transmittance. This Mueller matrix M has two real and two complex
The transmittance  and the ellipsometric parameters ,  can thus be obtained from the eigenvalues of M (as determined from the experimental or matrices, Eq. 2) as
The Mueller matrix M of the reference sample can then be constructed using Eqs. 3 and 5. [1, 3] Once the Mueller matrix is determined, the generator and the analyzer matrices can be determined using Eq. 2. The matrix is determined by solving the following equation.
In order to solve the above equation, a linear operator K is formed such a way that is the only eigenvector associated with the null eigenvalue (satisfying K 16 × 1 = 0). [1, 3] Note that K has all different eigenvalues from zero except 1 , which is supposed to be null and practically as close as zero (0= 1 << 2 < 3... 16 ). The smallest eigenvalue of the matrix (corresponding to the obtained eigenvector (W 16 × 1 )) K is reshaped in 4 × 4 matrix to obtain the generator matrix . With the W matrix in hand, the analyzer matrix A can be determined
The exact nature of the system and analyzer matrices and their wavelength dependence was determined by performing measurements on two different types of calibrating reference samples. We used linear polarizer (pure diattenuator) and broadband quarter waveplate (pure retarder over = 400 -700 nm) as reference samples. Once, the experimental and matrices are determined, they can be used to determine Mueller matrices of any unknown sample using Equation. 2 of the manuscript.
Scattering angle dependence of diattenuation and retardance
In the Fig. S1 below, the dependence of the Mueller matrix-derived (using Eq. As expected from the predictions of Eq. 5, in the dipolar scattering approximation, the parameter is relatively insensitive to the scattering angle. In contrast, the -parameter varies with , due to the presence of the he factor associated with dipolar scattering. wavelength is chosen to be = 650 nm (corresponding to the peak of the longitudinal dipolar plasmon resonance plasmon), for the parameter, is chosen to be 550 nm (corresponding to the spectral overlap region of the two orthogonal dipolar plasmon resonance).
